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Abstract 
This paper presents the study of the morphological effects on the performances (sensitivity, response and recovery 
time) of highly sensitive hydrogen semiconductor sensors based on Pd-doped WO3 nanostructures and the 
optimization of the parameters influencing their sensing performances. WO3 nanowires, nanospheres and 
nanolamellae were obtained by hydrothermal, direct precipitation and ionic-exchange methods respectively starting 
from the same precursor (tungstic acid–gel obtained from sodium tungstate). After annealing in air at 400°C for 1 
hour, the morphologies were observed by SEM and TEM microscopy and the crystal structures were defined by XRD 
analysis. The prepared WO3 nanopowders were dispersed using sonication in PdCl2 solution and then thick films (~ 
10 μm) were screenprinted on alumina substrates fitted with gold electrodes and annealed at 400°C for 12 hours. The 
obtained sensors were exposed to hydrogen (50-200ppm) at different working temperatures (RH = 50%). The sensors 
showed high sensitivity and short response time at working temperatures ranging from 200 to 240°C. The sensors 
with WO3 nanolamellae showed the highest sensitivity and the shortest response time.   
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1. Introduction  
Hydrogen detection is one of the important preoccupations of chemical and nuclear industry for 
insuring their security and their installation. Strong efforts were focused on gas sensors based on semi-
conducting materials which appear one of promising alternatives to detect hydrogen and explosive gases. 
WO3 was largely studied for detection of oxidizing gases such as nitrogen oxides and ozone [1-2]. For 
detection of reducing gases (hydrogen, carbon monoxide and ammonia), it is well known that WO3 needs 
functionalization of its surface by catalysts (in general noble metals like Pt and Pd) because of its poor 
response [3]. However, comparative studies of the influence of the morphology of the metal oxide are still 
lacking. This work was focused on the surface activation of WO3 nanostructures and the study of the 
influence of the morphology on their hydrogen sensing performances.       
2. Experimental  
2.1. Characterization 
The morphologies of the tungsten oxide nanowires were observed by TEM (TEM, Philips CM200, 
120 kV) and SEM (SEM, Philips XL20, 20kV). The crystal structure of the prepared films was defined by 
X-Ray diffraction at room temperature (XRD, Siemens D5000, and Germany) using CuKĮ radiation with 
2θ scanning rate of 1°/min.  
2.2. Synthesis of WO3 with different morphologies  
0.5 M of sodium tungstate dihydrate (Na2WO4.2H2O, Sigma Aldrich solution) was prepared by 
dissolution of 100g of Na2WO4 in 500 mL of deionized water (solution (a)). To obtain WO3 nanowires, 
the solution (a) was warmed at 80°C and then 2M of hydrochloric acid was added drop by drop until the 
formation of a white precipitate (pH~1). After 4 hours at 80°C, the white precipitate was completely 
transferred to a yellowy precipitate. The solution was placed into a glass tube, an excess amount of K2SO4
[4] salt (Carlo Erba Chimica) was added to the solution and the glass tube was transferred into an 
autoclave (Parr instrument serial 17340201C). The hydrothermal treatment was carried out for 48h at 
180°C. The resulting nanopowder was washed with deionized water and pure alcohol, and then 
centrifuged and dried in air at 400°C for 1 hour. 
To prepare WO3 nanospheres, the solution (a) was warmed at 80°C. 3M of hydrochloric acid was 
added drop by drop until the formation of a white precipitate (pH~1). After 48 hours at 80°C, the yellow 
precipitate was washed with deionized water several times and then centrifuged and dried in air at 400°C 
for 1hour. 
For WO3 nanolamellae, the solution (a) was let to flow through a glass column packed with 
protonated cation-exchange resin. The yellow precipitate was kept at room temperature in acidic solution 
(pH=1.5-2) for 48 hours and then centrifuged, washed several times and annealed in air at 400°C for 1 
hour.  
2.3. Coating preparation and gas sensing measurements 
WO3 nanopowders was dispersed with palladium chloride salt in terpineol with WO3 using 
sonication, the dispersion with 0.4 wt% Pd loading (Pd/WO3) was screen printed on alumina substrates 
fitted with gold electrodes and a platinum heating element [3]. The prepared sensors were annealed at 
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400°C for 12 hours. For gas sensing tests, the Pd-doped WO3 coatings are heated at 200°C for 24 hours in 
ambient air before exposure to the gases into a Teflon chamber (the setup is reported in reference [3]). 
3. Results and discussions 
The nanospheres obtained via direct precipitation (SEM and TEM images, Fig. 1. 1 (a) and 1 (b)) have 
a monodisperse population with grain size of 80 nm. The nanolamellae (Fig.1. 2 (a) and 2 (b)) obtained 
via ion-exchange have a lateral size of 2,5 μm and a thickness of 100 nm. The hydrothermal treatment on 
the gel-based solution gave nanowires (Fig. 1. 3 (a) and 3 (b)) with a diameter of 50 nm and a length of 
several microns. The XRD patterns are shown on Fig. 2(1), all the samples present monoclinic phase 
(JCPDS card 043-1035). The crystallinity of WO3 nanolamellae (Fig. 2. (1)) was increased after 12 hours 
of annealing, the XRD patterns showed that the peaks at 2 theta (23.119), (23.586), (24.2438) 
characteristic of WO3 monoclinic are well distinct and sharp. 
The responses of the sensors to hydrogen at different working temperatures were carried out in the ppm 
range (50 to 200 ppm) at 50% relative humidity. Fig 2(2) presents the response to hydrogen at 240°C, the 
resistance evolutions have the same behaviour in contact with hydrogen which reacts after dissociation on 
Pd catalyst as a donor to WO3. However the sensitivity and response time as summarized on Fig. 2(3) are 
different, the performances depend on the morphology. Pd-doped WO3 nanolamellae showed the best 
performances (in terms of sensitivity and response time). However, the sensor response of Pd-doped WO3
nanowires was inferior to Pd-doped WO3 nanospheres and nanolamellae. This may be due to the fact that 
dispersion of the catalyst is more difficult between the agglomerated nanowires which need more energy 
to be exfoliated.   
    
Figure 1. 1 (a) SEM and 1(b) TEM images of WO3 nanospheres obtained by direct precipitation method; 2 (a) SEM and 2 (b) TEM 
images of WO3 nanolamellae obtained by ionic-exchange method; 3 (a) SEM and 3 (b) TEM images of WO3 nanowires obtained by 
hydrothermal method; * The images were carried out after annealing in air at 400°C for 1 hour.   
Fig. 2. (1) XRD patterns of WO3 nanopowders and Pd-WO3 sensors; (2) Response of Pd-WO3 sensors to hydrogen as function of  
hydrogen concentration at 240°C (RH=50%); (3) sensitivity and response time of Pd-WO3 sensors vs. hydrogen concentrations (T= 
240°C, RH =50%, (*) sensitivity, (**) response time). The descriptions of the sensors are summarized in the table 1.  
(1)  (2)  (3)  
1* 2* 3* 
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Table 1. Descriptions of the sensors 
4. Conclusion and perspectives 
Tungsten oxide nanostructures with different morphologies (nanowires, nanolamellae and 
nanospheres) were synthesized and characterized. Their morphologies were observed by SEM and TEM 
microscopy, the crystal structures were defined by XRD analysis. The surfaces of their grains were 
activated with palladium catalyst and hydrogen sensors based on Pd-doped WO3 nanolamellae, 
nanospheres and nanowires were prepared. The effects of the morphologies on the responses to hydrogen 
in the ppm level (50-200) were investigated. The performances of the sensors (sensor response, response 
and recovery time) depending on the working temperature and the morphology are demonstrated and 
discussed. 
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Samples  Pd loading Morphology 
Sensor A Pd/WO3= 0.4 wt% Nanowires 
Sensor B Pd/WO3= 0.4 wt% Nanospheres 
Sensor C Pd/WO3= 0.4 wt% Nanolamellae  
